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(54) Ocular lens material having hydrophilic surface and process for preparing the same 



(57) A process for preparing an ocular lens material 
having hydrophilic surface, characterized by comprising 
the steps of (1) irradiating the surface of an ocular lens 
material with high-frequency plasma or excimer ultarvi- 
olet-ray; (2) contacting the surface of the ocular lens ma- 
terial, which is treated in accordance with the step (1), 
with a hydrophilic monomer-mixture solution containing 
at least one zwitterionic group-containing compoud; and 



(3) irradiating the surface of the ocular lens material, 
which is in the state of contacting with the hydrophilic 
monomer-mixture solution in the step (2), with ultravio- 
letray having a wavelength of 250 to 500 nm and then, 
graft polymerizing the zwitterionic group-containing 
compound to the surface of the ocular lens material and 
then, forming a surface layer; and an ocular lens mate- 
rial having hydrophilic surface prepared by the process. 
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Description 

[0001 ] The present invention relates to an ocular lens material having hydrophilic surface and a process for preparing 
the same. In particular, the present invention relates to a process for easily preparing an ocular lens material having 

5 high oxygen permeability and is excellent In surface wettability to water, surface lubricity, water retention, deposit re- 
sistance and biocompatibility at the same time. More particularly, the present invention relates to an ocular lens material 
prepared by the above process, which has hydrophilic surface and the above excellent properties at the same time, 
and can be suitably used as an optical material including an ocular lens such as a contact lens, an intraocular lens or 
an artificial cornea, and a biocompatible material such as a medical material, a biochemical material, an engineering 

10 material or a pharmaceutical material. 

[0002] In recent years, as to polymer materials, in particular, ocular lens materials, it is thought that one of the causes 
of various ocular diseases is lowering of hydrophilic property (wettability to tears) of the lens surface or adhering of 
deposit such as protein or lipid. So, to highten hydrophilic property and deposit resistance is watched. 
[0003] Then, in order to improve hydrophilic property and adhering of deposit of the lens surface, which are the 

is causes of various ocular diseases, modification of the surface of ocular lens materials has been examined. 

[0004] As a method for modifying the surface of ocular lens materials, for instance, a method for improving wettability 
to water by plasma treatment for the surface of ocular lens materials (Japanese Unexamined Patent Publication No. 
40293/1988) and a method for imparting hydrophilic property by graft polymerizing a hydrophilic monomer to the plas- 
ma-treated surface of ocular lens materials (Japanese Unexamined Patent Publication No. 49251/1994) have been 

20 proposed. 

[0005] However, by the above methods, although hydrophilic property (wettability to tears) of the lens surface can 
be improved, deposit resistance of the lens cannot be sufficiently improved. In addition, biocompatibility of the obtained 
lens is insufficient. 

[0006] The above graft polymerization method itself has been known in the field of polymer materials such as ocular 

25 lens materials. So, conventionally, various methods utilizing graft polymerization have been proposed. 

[0007] For instance, a method comprising the steps of plasma irradiating a polymer substrate in the presence of inert 
gas, forming peroxide group on the surface of the polymer substrate by exposing the polymer substrate under an 
atmosphere of oxygen gas, and graft polymerizing various vinyl monomers to the peroxide group has been proposed 
(Japanese Unexamined Patent Publication No. 94819/1987, Japanese Unexamined Patent Publication No. 

30 278224/1990, Japanese Unexamined Patent Publication No. 49251/1994, USP 5,805,264, Japanese Patent No. 
2934965 and the like). Also, a graft polymerization method comprising a step of immersing an ocular lens material in 
a hydrophilic monomer solution containing an aqueous peroxides has been proposed (Japanese Unexamined Patent 
Publication No. 10055/2000). In accordance with these methods, graft polymerization of various monomers to the 
material surface can be carried out. However, in general, energy for initiating graft polymerization is thermally imparted. 

35 [0008] When thermal graft polymerization method is employed, longer period of time for polymerization is needed. 
So, it is desired to shorten polymerization time. When polymerization is carried out for a long period of time, introduction 
of polymer chains to the inside of material is accelerated. As a result, deformation of an ocular lens material occurs. 
Furthermore, because it is difficult to control polymerization degree during thermal polymerization for a long period of 
time, the thermal polymerization method is unsuitable for preparing a uniform treated layer. 

40 [0009] On the other hand, it is thought that introduction of a vinyl monomer having a zwitterionic group which can 
impart excellent water retention, deposit resistance and biocompatibility to the polymer surface is one of effective ways. 
[001 0] For instance, a method for graft polymerizing a monomer having a zwitterionic group to the surface of hydrogel 
has been proposed (USP 5,453,467). However, because thermal graft polymerization is carried out in this method, the 
method has the same problem as above. So, it is desired to dissolve the problem. Also, because the above hydrogel 

45 has no silicone-containing component, it is difficult to prepare an ocular lens material having high oxygen permeability. 
[0011] Then, a method for graft polymerizing a monomer having a zwitterionic group to the activated surface of an 
ocular lens material prepared by using a silicone-containing component has been proposed (Japanese Unexamined 
Patent Publication No. 122779/1994 and Japanese Unexamined Patent Publication No. 72430/1995). However, be- 
cause thermal graft polymerization is carried out in this method, the method has the same problem as above. 

so [0012] A graft polymerization method with a microwave having a wavelength of 250 to 500 nm has been proposed 
(Japanese Unexamined Patent Publication No. 60142/1998). However, because no monomer having a zwitterionic 
group is used in graft polymerization, a hydrophilic membrane formed by the method cannot impart sufficient water 
retention and biocompatibility. 

[0013] A method for graft polymerizing a monomer having a zwitterionic group at hydroxyl group on the material 
55 surface as the initiation point by using a transition metal salt has been proposed (Japanese Unexamined Patent Pub- 
lication No. 510322/1 994). However, it is difficult to remove an initiator such as the transition metal salt in this method. 
Also, because thermal graft polymerization is carried out in this method, the method has the same problem as above. 
[0014] A method for imparting hydrophilic property, comprising steps of immersing an ocular lens material in a hy- 
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drophilic monomer solution and irradiating the ocular lens material with ultraviolet-ray has been proposed (Japanese 
Unexamined Patent Publication No. 1 0054/2000). However, in the case that the ocular lens material is hydrogel, hy- 
drophilic polymer chains are introduced to the inside of the hydrogel, so that optical property becomes bad. Also, it 
becomes difficult to remove the hydrophllic polymer chains from the inside of the hydrogel. In addition, in the case that 
5 the ocular lens material is a hard material, there is a problem that it is difficult to introduce the hydrophllic polymer 
chains to the hard material because it is very difficult to graft polymerize the hydrophllic monomers to the surface of 
the hard material. 

[0015] In recent years, as a method for controlling molecular weight and molecular weight distribution during radical 
polymerization, a method comprising a step of adding a sulfur-containing compound as a chain transfer agent to a 

10 polymerization system has been reported (John Chief ari et. al., Macromolecules, 31, p5559 (1999)). Furthermore, a 
surface graft polymerization method using the above chain transfer agent has been reported (Tsujii Yoshinobu et. al., 
Polymer Preprints, Japan, 49, p1129 (2000)). In accordance with these methods, molecular weight and molecular 
weight distribution in the aimed polymer can be controlled by utilizing the chain transfer agent in polymerization. How- 
ever, to control of molecular weight and molecular weight distribution in the polymer and to impart of hydrophllic property 

is to the polymer surface have not been carried out at the same time. So, technical development has been desired. 

[0016] On the other hand, as one of methods for introducing a monomer having a zwitterionic group to a silicone 
hydrogel, a method for forming inter-penetrating polymer network structure (In general, referred to as IPN structure) 
composed of a silicone segment and a hydrophllic segment has been proposed (International Publication No. 
WO99/29750). However, when the method is employed, the aimed material sometimes deforms. Accordingly, the meth- 

20 od is unsuitable for preparing an optical material. 

[0017] As mentioned above, when conventional various methods are employed, it is difficult to easily prepare an 
ocular lens material for a relatively short period of time, which has various properties desired in recent years. Accord- 
ingly, development of excellent methods in spite of the conventional methods has been expected. 
[0018] An object of the present invention is to provide a process for easily preparing an ocular lens material having 

25 high oxygen permeability and is excellent in surface wettability to water, surface lubricity, water retention, deposit re- 
sistance and biocompatibility at the same time. 

[0019] The other object of the present invention is to provide an ocular lens material prepared by the above process. 
[0020] These and other objects of the present invention will become apparent from the description hereinafter. 
[0021] In accordance with the present invention, there is provided 

30 

(A) a process for preparing an ocular lens material having hydrophilic surface, characterized by comprising the 
steps of 

(1) irradiating the surface of an ocular lens material with high-frequency plasma or excimer ultraviolet-ray; 

35 (2) contacting the surface of the ocular lens material, which is treated in accordance with the step (1 ), with a 

hydrophilic monomer-mixture solution containing at least one zwitterionic group-containing compoud; and 
(3) irradiating the surface of the ocular lens material, which is in the state of contacting with the hydrophilic 
monomer-mixture solution in the step (2), with ultraviolet-ray having a wavelength of 250 to 500 nm and then, 
graft polymerizing the zwitterionic group-containing compound to the surface of the ocular lens material and 

40 then, forming a surface layer; and 

(B) an ocular lens material prepared by the above process. 

[0022] In the process of the present invention, at first, the surface of an ocular lens material is irradiated with high- 
45 frequency plasma or excimer ultraviolet-ray (Step (1 )). 

[0023] In the above Step (1 ), by irradiation with high-frequency plasma or excimer ultraviolet-ray, a radical generates 
on a surface layer of the ocular lens material. 

[0024] The irradiation with high-frequency plasma is carried out, for instance, under an atmosphere of oxygen gas, 
under an atmosphere of inert gas or in the air, preferably under an atmosphere of oxygen gas or in the air. That is, the 

so ocular lens material is put under an atmosphere of oxygen gas, under an atmosphere of inert gas or in the air in a 
plasma state. Preferably, the ocular lens material is put under an atmosphere of oxygen gas in a plasma state, or under 
atmospheric pressure in a steady state and not in a plasma state, for about 0.5 to 30 minutes. As a result, a radical 
generates on the surface of the ocular lens material. The plasma state between electrodes in a plasma generator may 
be under reduced pressure such as 1 .3 to 1 .3 x 10 2 Pa or so, or may be under ordinary pressure. 

55 [0025] The irradiation with excimer ultraviolet-ray is preferably carried out by irradiating the ocular lens material with 
vacuum ultraviolet-ray having a wavelength of 1 72 nm for 0.5 to 60 minutes or so. As a result, a radical generates on 
the surface of the ocular lens material. 

[0026] After the radical generates on the surface of the ocular lens material by irradiation with high-frequency plasma 
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or excimer ultraviolet-ray, the ocular lens material is contacted with the air or oxygen for 1 to 120 minutes or so, so 
that a peroxide (peroxide group) is formed on the surface of the material. 

[0027] The ocular lens material used in the present invention is not particularly limited. For instance, the ocular lens 
material may be a non-water-containing rigid material or a water-containing hydrogel. 

5 [0028] As the ocular lens material, a copolymer prepared by polymerizing a monomer mixture in accordance with a 
conventional method can be used. For instance, in the monomer mixture are contained a silicon-containing monomer 
such as a silicon-containing alkyl (meth)acrylate, a silicon-containing styrene derivative or a polysiloxane macromon- 
omer; a fluorine-containing monomer such as a fluorine-containing alkyl (meth)acrylate; a hydrophilic monomer such 
as a hydroxyl group-containing alkyl (meth)acrylate, a diatkyl(meth)acrylamide, (meth)acrylic acid or a N -vinyl lactam; 

10 a monomer for adjusting hardness of the material, such as an alkyl (meth)acrylate, styrene, an a-m ethyl styrene or an 
alkyl-a-methyistyrene; and a crosslinkable monomer having at least 2 polymerizable unsaturated double bonds. In 
particular, in consideration of oxygen permeability and deposit resistance of the material itself, an ocular lens material 
comprising a copolymer prepared by polymerizing a monomer mixture containing at least one selected from the silicon- 
containing monomer and the fluorine-containing monomer is preferably used. 

is [0029] In the present specification, "-(meth)acrylate" means "-aery late and/or mettiecr/late", and the same is also 
true for the other (meth)acrylate derivatives. 

[0030] Then, the surface of the ocular lens material, which is treated in accordance with the Step (1), is contacted 
with a hydrophilic monomer-mixture solution containing at least one zwitterionic group-containing compound (Step (2)). 
[0031] A method for contacting the surface of the ocular lens material with the hydrophilic monomer-mixture solution 

20 is not particularly limited. In order to sufficiently contact the surface with the hydrophilic monomer-mixture solution, it 
is desired that the ocular lens material is immersed in the hydrophilic monomer-mixture solution. 
[0032] The time for contacting the surface of the ocular lens material with the hydrophilic monomer-mixture solution 
is also not particularly limited. It is desired that the surface is sufficiently contacted with the hydrophilic monomer- 
mixture solution. As usual, it is desired that the surface of the ocular lens material is irradiated with ultraviolet-ray during 

25 the aforementioned step as the surface is contacted with the hydrophilic monomer-mixture solution. 

[0033] As mentioned above, the hydrophilic monomer-mixture solution used in the Step (2) contains at least one 
zwitterionic group-containing compound. 

[0034] The zwitterionic group-containing compound is a compound having not only the center of permanent positive 
charge but also the center of negative charge in its structure. Typical examples of the zwitterionic group-containing 
30 compound are, for instance, a compound (I) represented by the formula (I): 



CH 3 

H 2 C = CR 1 -C-0-^CH 2 ^N^CH 2 f ;r SO® (I) 



40 



45 



50 



55 



wherein R 1 is hydrogen atom or methyl group, and n is an integer of 1 to 10; 
a compound (II) represented by the formula (II): 



H 2 C = CR 1 -C-0-4CH 2 ^CH^C0 6 2 (XL) 
II I 
O CH 3 



wherein R 1 is hydrogen atom or methyl group, and n is an integer of 1 to 1 0; 
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a compound (III) represented by the formula (III): 



10 



CH, 

H 2 C = CR 1 -C-0-4CH 2 ^N^fCH2> ir O^PO?R 2 (III) 
II I 
O CH a 



wherein R 1 Is hydrogen atom or methyl group, R 2 is a hydrocarbon group having 1 to 6 carbon atoms, and n Is an 
*5 Integer of 1 to 10; 

a compound (IV) represented by the formula (IV): 



20 



0° 



1 'e 

H 2 C = CR 1 -C-0-4CH 2 -> 1J 0-P~O^CH 2 -hrN-R 4 (IV) 
II II I 

25 O O R 5 



wherein R 1 is hydrogen atom or methyl group, each of R 3 , R 4 and.R 5 Is independently a hydrocarbon group having 1 
30 or 2 carbon atoms, and n Is an integer of 1 to 10; 

and the like. These can be used alone or in admixture thereof. 

[0035] Concrete examples of the compound (I) are, for instance, dimethyl (3-su If opropyl)(2-(meth)acryloyloxyethy I) 
ammonium betaine and the like. 

[0036] Concrete examples of the compound (II) are, for instance, dimethyl (2-carboxyethyl) (2-(meth) acryloyloxye- 
35 thyl) ammonium betaine and the like. 

[0037] Concrete examples of the compound (III) are, for instance, dimethyl(3-methoxypho sphopropyl)(2-(meth)acry- 
loyloxy ethyl) ammonium betaine and the like. 

[0038] Concrete examples of the compound (IV) are, for instance, 2-(meth)acryloyloxyethyl phosphorylcholine and 
the like. 

40 [0039] Among them, because graft polymerizability to the surface of the ocular lens material is more excellent, dime- 
thyl(3-surfopropyl)(2-(meth)acryIoyloxyethyl) ammonium betaine and 2-(meth)acryloyloxyethyl phosphorylcholine are 
particularly preferable. 

[0040] The amount, of the zwitterionic group-containing compound in the hydrophilic monomer-mixture solution 
should be defined in sufficient consideration of forming a uniform surface layer (treated layer) on the surface of the 

45 ocular lens material. In order to sufficiently exhibit effect for improving hydrophilic property (surface wettability to water) 
and surface lubricity of the finally aimed ocular lens material having hydrophilic surface and effect for restraining ad- 
hesion of lipid and protein, it is desired that the amount of the zwitterionic group-containing compound in the hydrophilic 
monomer-mixture solution is at least 0.01 mol/L, preferably at least 0.05 mol/L, more preferably at least 0.1 mol/L. In 
order to remove fears that it becomes difficult to remove non-reacted residual compounds from the ocular lens material 

so after graft polymerization and that optical property of the ocular lens materia! becomes bad because polymer chains 
are introduced to the inside of the ocular lens material due to too increase of graft polymerization degree, it is desired 
that the amount of the zwitterionic group-containing compound in the hydrophilic monomer-mixture solution Is at most 
40 mol/L, preferably at most 20 mol/L, more preferably at most 1 0 mol/L. 

[0041] The hydrophilic monomer-mixture solution can suitably contain at least one of a hydrophilic monomer other 
55 than the zwitterionic group-containing compound, a crosslinkable monomer, water and an organic solvent in addition 
to the zwitterionic group-containing compound. For instance, In particular, it Is preferable that the hydrophilic monomer- 
mixture solution essentially contains water and the organic solvent, and further contains at least one selected from the 
hydrophilic monomer other than the zwitterionic group-containing compound and the crosslinkable monomer. 
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[0042] Typical examples of the hydrophilic monomer other than the zwitterionic group-containing compound are, for 
Instance, an alkyl(meth)acrylamide such as N,N-dimethyl(meth)acrylamide, N,N-diethyl(meth)acrylamide, N,N-dipro- 
pyl(meth)acrylamide or N-isop ropy l(meth) aery lam ide; N-vinylformamide; N-vinylacetamide; acryloylmorpholine; a N- 
vinyllactam such as N-vinyl-2-pyrrolidone, N-vinylpiperidone, N-vinylcaprolactam, N-vinylcaprylolactam or N-(meth) 
5 acryloyloxyethyl-2-pyrrolidone; a hydroxyalkyl (meth)acrylate such as 2-hydroxyethyl (meth) aery late, 2-hydroxypropyl 
(meth)acrylate or 2-hydroxybutyl (meth) aery late; (meth)acrylic acid; a polyalkylene glycol mono(meth)acrylate such as 
polyethylene glycol mono(meth)acrylate or polypropylene glycol mono(meth)acrylate; and the like. These can be used 
alone or in admixture thereof. 

[0043] When the hydrophilic monomer-mixture solution contains the hydrophilic monomer other than the zwitterionic 
10 group-containing compound, in order to improve copolymerizability of the hydrophilic monomer with the zwitterionic 
group-containing compound and to effectively introduce the hydrophilic monomer to the inside of graft chains, it is 
desired that the amount of the hydrophilic monomer in the hydrophilic monomer-mixture solution is at least 0.01 mol/ 
L, preferably at least 0.05 mol/L, more preferably at least 0.1 mol/L. In order to effectively exhibit properties of the 
zwitterionic group-containing compound, it is desired that the amount of the hydrophilic monomer in the hydrophilic 
is monomer-mixture solution is at most 40 mol/L, preferably at most 20 mol/L, more preferably at most 10 mol/L. 

[0044] As the crosslinkable monomer, a monomer having at least 2 polymerizable unsaturated double bonds can be 
used. Typical examples of the crosslinkable monomer are, for instance, ethylene glycol di (meth) aery late, diethylene 
glycol di(meth)acrylate, triethylene glycol di(meth)acrylate, tetraethylene glycol di(meth)acrylate, polyethylene glycol 
di(meth)acrylate, ethylene glycol diallyl ether, diethylene glycol diallyl ether, triethylene glycol diallyl ether, tetraethylene 
20 glycol diallyl ether, polyethylene glycol diallyl ether, methylenebis(meth)acrylamide, divinylbenzene, vinylbenzyl (meth) 
acrylate, allyl (meth)acrylate, vinyl (meth)acrylate and the like. These can be used alone or in admixture thereof. Among 
them, for instance, in consideration of the use of the aforementioned water as a solvent, it is preferable that the hy- 
drophilic monomer-mixture solution contains an aqueous crosslinkable monomer. 

[0045] In order to effectively fulfill functions of graft-treated layers and graft chains by controlling graft density, it is 
25 desired that the amount of the crosslinkable monomer in the hydrophilic monomer-mixture solution is at least 0.01 part 
by weight, preferably at least 0.05 part by weight, more preferably at least 0.1 part by weight, based on 1 00 parts by 
weight of the total amount of the zwitterionic group-containing compound and the hydrophilic monomer other than the 
zwitterionic group-containing compound, or 100 parts by weight of the zwitterionic group-containing compound. In order 
not to restrict mobility of graft chains and to keep the shape of the ocular lens material, it is desired that the amount of 
30 the crosslinkable monomer in the hydrophilic monomer-mixture solution is at most 20 parts by weight, preferably at 
most 1 0 parts by weight, more preferably at most 5 parts by weight, based on 1 00 parts by weight of the total amount 
of the zwitterionic group-containing compound and the hydrophilic monomer other than the zwitterionic group-contain- 
ing compound, or 1 00 parts by weight of the zwitterionic group-containing compound. 

[0046] The zwitterionic group-containing compound, and as occasion demands, the hydrophilic monomer other than 
35 the zwitterionic group-containing compound and the crosslinkable monomer in the hydrophilic monomer-mixture so- 
lution are graft polymerized preferably by using water and an organic solvent. 

[0047] Typical examples of the organic solvent are, for instance, an alcohol such as methanol or ethanol, acetone, 
tetrahydrofuran, N,N-dimethylformamide, hexane, benzene, toluene, acetonitrile, methylene chloride and the like. 
These can be used alone or in admixture thereof, 
40 [0048] Because removal from the ocular lens material after graft polymerization is easy, it is preferable that water is 
used. 

[0049] The amount of water and/or the organic solvent in the hydrophilic monomer-mixture solution is suitably ad- 
justed so that the amount of each of the zwitterionic group-containing compound, the hydrophilic monomer other than 
the zwitterionic group-containing compound and the crosslinkable monomer in the hydrophilic monomer-mixture so- 

45 lution is included in the above range. 

[0050] When the hydrophilic monomer-mixture solution contains water and the organic solvent, and also contains 
at least one selected from the hydrophilic monomer other than the zwitterionic group-containing compound and the 
crosslinkable monomer, during graft polymerization in the aforementioned Step (3), in order to uniformly and minutely 
control polymerization degree and molecular weight distribution, it is preferable that the hydrophilic monomer-mixture 

so solution further contains a chain transfer agent represented by the formula (V): 



R 1 -C-S-fR 2 -Z^ ls R 3 ( V ) 
II 
S 
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wherein is hydrogen atom, a linear, branched or cyclic aliphatic hydrocarbon group having 1 to 12 carbon atoms, 
or a linear or branched aliphatic hydrocarbon group having 6 to 24 carbon atoms and containing aromatic hydrocarbon 
group having 6 to 12 carbon atoms; R 2 is a linear, branched or cyclic aliphatic hydrocarbon group having 1 to 12 carbon 
atoms; R 3 is hydrogen atom, a linear, branched or cyclic aliphatic hydrocarbon group having 1 to 12 carbon atoms, a 
5 linear or branched aliphatic hydrocarbon group having 6 to 24 carbon atoms and containing aromatic hydrocarbon 
group having 6 to 12 carbon atoms, or cyano group; Z is oxygen atom, -COO- group, -OOC- group, -(CH 2 CH 2 0) r 
group (in which 1 is an integer of 1 to 12), or direct bond; and m is 0 or an integer of 1 to 10. 

[0051] In particular, typical examples of the chain transfer agent are, for instance, benzyl thiobenzoate, 1-phenylethyl 
dithiobenzoate, 2-phenyl-2-propinyl dithiobenzoate, 1 -acetoxyethyl dithiobenzoate, benzyl dithioacetate, t-butyl 

10 dithiobenzoate, 2-cyano-2-propinyl dithiobenzoate and the like. These can be used alone or in admixture thereof. 
[0052] In orderto uniformly and minutely control polymerization degree and molecular weight distribution, it is desired 
that the amount of the chain transfer agent in the hydrophillc monomer-mixture solution is at least 0.001 part by mole, 
preferably at least 0.01 part by mole, more preferably at least 0.05 part by moie, based on 100 parts by mole of the 
total amount of monomers for graft polymerization. From the viewpoints that graft polymerization chain needs suitable 

15 length for imparting hydroph ilic property to the ocular lens material and the length of graft polymerization chain becomes 
short due to the excessive amount of the chain transfer agent, it is desired that the amount of the chain transfer agent 
In the hydrophllic monomer-mixture solution Is at most 20 parts by mole, preferably at most 1 0 parts by mole, more 
preferably at most 5 parts by mole, based on 1 00 parts by mole of the total amount of monomers for graft polymerization. 
[0053] When the chain transfer agent is used, polymerization reaction system is contacted with oxygen during the 

20 latter of graft polymerization in the aforementioned Step (3), and introduction of a terminal group derived from the chain 
transfer agent into a polymer chain terminal can be prevented. When a residual group on the polymer chain terminal 
derived from the chain transfer agent generates after graft polymerization in Step (3), it is preferable that the residual 
group is removed or converted. 

[0054] The residual group on the polymer chain terminal derived from the chain transfer agent, which generates after 
25 graft polymerization, can be removed or converted by reacting with a sulfur-containing compound such as 2-mercapto 
ethanol or 2-mercapto propionic acid, or reacting with an alkyl alcohol such as methanol or ethanol in the presence of 
an acid or an alkali. 

[0055] Then, the surface of the ocular lens material, which is in the state of contacting with the hydroph ilic monomer- 
mixture solution in the Step (2), is irradiated with ultraviolet-ray having a wavelength of 250 to 500 nm, and the zwit- 
30 terionic group-containing compound is graft polymerized to the surface of the ocular lens material, so that a surface 
layer is formed (Step (3)). 

[0056] The graft polymerization starts by irradiating the surface of the ocular iens material, which is in the state of 
contacting with the hydrophilic monomer-mixture solution in the Step (2), with ultraviolet-ray. Then, the polymerization 
reaction uniformly proceeds and is finished, 
-r 35 [0057] In order to sufficiently exhibit effect for improving hydrophilic property (surface wettability to water), surface 
lubricity and water retention of the finally aimed ocular lens material having hydrophilic surface and effect for restraining 
adhesion of lipid and protein, it is desired that illuminance of ultraviolet- ray is at least 0.1 mW/cm 2 , preferably at least 
0.5 mW/cm 2 . In order to remove a fear of deterioration of the ocular lens material itself, it is desired that illuminance 
of ultraviolet-ray is at most 20 mW/cm 2 , preferably at most 1 5 mW/cm 2 . 

40 [0058] In order to sufficiently exhibit effect for improving hydrophilic property (surface wettability to water), surface 
lubricity and water retention of the finally aimed ocular lens material having hydrophilic surface and effect for restraining 
adhesion of lipid and protein, it is desired that irradiation time with ultraviolet-ray, that is graft polymerization reaction 
time, is at least 1 second, preferably at least 1 minute. In orderto remove fears that the ocular lens material, for instance, 
which is hydrogel, deforms after irradiation with uftraviolet-ray due to too increase of graft polymerization degree and 

45 that function as an optical lens material is lost due to lowering of transparency, it is desired that irradiation time with 
ultraviolet-ray, that is graft polymerization reaction time, is at most 24 hours, preferably at most 60 minutes. 
[0059] In orderto sufficiently exhibit effect for improving hydrophilic property (surface wettability to water) and surface 
lubricity of the finally aimed ocular lens material having hydrophilic surface and effect for restraining adhesion of lipid 
and protein, it is desired that reaction temperature during graft polymerization is at least 0°C, preferably at least 15°C. 

50 in order to remove fears that the ocular lens material, for instance, which is hydrogel, deforms after irradiation with 
uitravioiet-ray due to too increase of graft polymerization degree and that function as an optical lens material is lost 
due to lowering of transparency, it is desired that reaction temperature during graft polymerization is at most 120°C, 
preferably at most 90°C. 

[0060] When the hydrophilic monomer-mixture solution contains solvents such as water and the organic solvent, the 
55 hydrophilic monomer-mixture solution is sufficiently stirred or shaken, so that the reaction uniformly proceeds. 

[0061] On the surface of the ocular lens material treated in accordance with the above Step (3), a surface layer 
(treated layer) in which polymerization degree is preferably controlled and of which the depth is uniformly limited for 
several one hundred angstrom can be formed. Accordingly, possibility of losing characteristics and properties of bulk 
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is extremely low. 

[0062] The ocular lens material having hydrophilic surface can be prepared in accordance with the above Step (1), 
Step (2) and Step (3). It is preferable that a non-reacted residual component is removed with at least one selected 
from water and an organic solvent from the surface layer of the ocular lens material, which is formed in the Step (3) 
5 (Step (4)). 

[0063] As the organic solvent used in the Step (4), a solvent which can dissolve the non-reacted residual component 
such as the zwitterionic group-containing compound, the hydrophilic monomer other than the zwitterionic group-con- 
taining compound or the crosslinkable monomer, which is contained in the surface layer of the ocular lens material, 
may be used. Examples of the organic solvent are, for instance, ethanol, acetone, tetrahydrofuran, acetonitrile, meth- 
io ylene chloride and the like. Removal of the non-reacted residual component may be carried out by extraction for suitable 
time in accordance with Soxhlet extraction method. After extraction by using the organic solvent, as occasion demands, 
the ocular lens material is boiled in water or physiological saline. 

[0064] According to the process of the present invention, the ocular lens material which has high oxygen permeability 
and is excellent in surface wettability to water, surface lubricity, water retention, deposit resistance and biocompatibiiity 

is at the same time can be easily prepared. 

[0065] Accordingly, the ocular lens material having hydrophilic surface and the above excellent properties at the 
same time can be suitably used as an optical material including an ocular lens such as a contact lens, an intraocular 
lens or an artificial cornea, and a biocompatible material such as a medical material, a biochemical material, an engi- 
neering material or a pharmaceutical material. 

20 [0066] The ocular lens material having hydrophilic surface and the process for preparing the same of the present 
invention are more specifically described and explained by mans of the following Examples. It is to be understood that 
the present invention is not limited to the Examples, and various changes and modifications may be made in the 
invention without departing from the spirit and scope thereof. 

25 EXAMPLE 1 

[Graft polymerization to silicone hydrogel] 

[0067] As a monomer mixture, 30 parts by weight of urethane bond-containing polys iloxane macromonomer repre- 
ss sented by the formula: 



35 



40 



45 



H CH H CH 3 CH 3 CH 3 

I 3 I III 

CH 2 = CHC0C 2 H 4 0CN CH 2 NC0 - C2H4 0(CH 2 ) 3 SiO - (SiO)^- Si (CH^OC^- 

ri n ^\ II III 



CH 3 CH 3 



CH 3 CH 3 CH 3 



I CH 3 
-0CNCH 2 

0 CE 3 



H 



NC0C 2 H 4 0CCH=CH 2 
CH3- ° 



50 



55 



30 parts by weight of tris(trimethylsiloxysilyl)propyl methacrylate, 10 parts by weight of N.N-dimethylacrylamide, 30 
parts by weight of N-vinyl-2-pyrrolidone and 0.3 part by weight of ethylene glycol dimethacrylate (hereinafter referred 
to as "EDMA") were used. The monomer mixture was polymerized in accordance with a usual polymerization method 
to give a copolymer. Then, a contact lens (diameter: 1 3.0 mm, thickness: 0.08 mm (wetting state)) and a plate (diameter: 
15.0 mm, thickness: 0.2 mm (wetting state)) were made of the copolymer. The contact lens and the plate were set in 
a discharge apparatus (made by Kyoto Denshi-Keisoku Co., Ltd., low temperature ashing apparatus PA-102AT). After 
the pressure in a chamber of the discharge apparatus was reduced to about 2.66 Pa, plasma discharge treatment was 
carried out for 10 minutes under an atmosphere of oxygen gas of about 13.3 Pa (frequency: 13.56 MHz, high frequency 
power 50 W). After that, the contact lens and the plate were stored for at least 10 minutes under an atmosphere of 
oxygen gas. As a result, peroxides (peroxide groups) generated on the surface of the contact lens and the surface of 
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- the plate. 

[0068] Then, as the hydrophilic monomer-mixture solution, 3.0 mol/L aqueous solution of dimethyl(3-sulfopropyl) 
(2-methacryloyloxyethyl) ammonium betaine (hereinafter referred to as "SAMA") was prepared. The contact lens and 
the plate were immersed in this aqueous solution, and were aerated with nitrogen gas. The contact lens and the plate 

5 in the state of immersing in the aqueous solution were irradiated with ultraviolet-ray (wavelength: 360 nm) at an illu- 
minance of 1.5 mW/cm 2 at room temperature for 10 minutes, and graft polymerization was carried out. After graft 
polymerization was finished, the contact lens and the plate were picked up from the aqueous solution and washed in 
distilled water. Furthermore, the contact lens and the plate were extracted with distilled water by using Soxhlet's ex- 
tractor for 1 6 hours. As a result, non-reacted residual components were removed from the surface of the contact lens 

10 and the surface of the plate. 

[0069] Then, the contact lens and the plate were hydrated with physiological saline to give hydrated silicone hydrogels 
as test pieces. Transparency, surface wettability to water, surface lubricity, water content, refractive index, oxygen 
permeability, adhesion resistance of lipid and protein, graft weight, contact angle and water retention of the test pieces 
were examined in accordance with the following methods, and elemental analysis of the test piece (plate) was carried 

15 out in accordance with the following method. The results are shown in TABLE 1 and TABLE 2. 

(1) Transparency 

[0070] The test piece (contact lens) in water was observed with naked eyes and transparency of the test piece was 
20 evaluated based on the following criteria for evaluation. 
(Criteria for evaluation) 
Q Transparent 
A: Slightly opaque 
X: Extremely opaque 

25 

(2) Surface wettability to water 

[0071] The surface of the test piece (contact lens) picked up from physiological saline after hydration was observed 
with naked eyes and surface wettability to water of the test piece was evaluated based on the following criteria for 
30 evaluation. 

(Criteria for evaluation) 

O: Non-water repellent and uniformly wet 

A: Slightly water repellent 

x : Extremely water repellent 

35 

(3) Surface lubricity 

[0072] The test piece (contact lens) was touched with fingers, and lubricity of the surface of the test piece was 
examined. Then, surface lubricity of the test piece was evaluated based on the following criteria for evaluation. 
40 (Criteria for evaluation) 
O. Excellent in lubricity 
A: Frictional feeling 
x : Extremely sticky 

45 (4) Water content 

[0073] The weight of the test piece (plate) in the equilibrium water-containing state after hydration (W 1 (g)) was 
measured. Also, the weight of the test piece in the dry state after drying of the water-containing test piece in an oven 
( w o (9)) was measured. Using the values of and W 0 , water content (% by weight) of the test piece was calculated 
so in accordance with the following equation. 

Water content (% by weight) = {(W 1 - W 0 ) / W 1 } x 100 

55 (5) Refractive index 

[0074] Using refractive index meter (made by Atago Co., Ltd., 1T), refractive index (no unit) of the test piece (plate) 
was measured at 25°C under the relative humidity of 50 %. 
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(6) Oxygen permeability (Dko 2 ) 

[0075] Using Seikaken-type film oxygen-gas permeator (made by RIKASEIKI KOGYO CO., LTD.), oxygen permea- 
bility of the test piece (plate) was measured in physiological saline at 35°C. The unit of oxygen permeability is (cm 2 / 
s secKmLO^mL x hPa)), and the numerical value shown in TABLE 1 and TABLE 2 was obtained by multiplying the 
measured value of the test piece by 10 11 times. 

(7) Adhesion resistance of lipid and protein 

10 (j) Adhesion resistance of lipid 

[0076] The test piece (plate) was immersed in an artificial ocular lipid solution (lipid concentration: 5.0 mg/mL) and 
was shaken at 37°C for 5 hours. Then, the artificial ocular lipid solution was extracted with ethanol/diethyl ether mixture 
solution (volume ratio: ethanol/diethyl ether = 3/1) for 10 minutes. The amount of lipid in an extract was quantified in 
15 accordance with Sulfo-Phospho-Vanillin method and the adhering lipid amount (mg/cm 2 ) per 1 cm 2 of the test piece 
was obtained. 

(ii) Adhesion resistance of protein 

20 [0077] The test piece (plate) was immersed in FDA artificial tear solution (protein concentration: 6.69 mg/mL) and 
was shaken at 37°C for 5 hours. Then, the artificial tear solution was extracted with 1 % sodium dodecylsulfate (SDS) 
solution at 37°C for 3 hours. The amount of protein in an extract was quantified in accordance with bicinchoninic acid 
method and the adhering protein amount (u.g/cm 2 ) per 1 cm 2 of the test piece was obtained. 

25 (8) Graft weight 

[0078] The weight of the plate in the dry state before graft polymerization reaction (W 0 (mg)) was previously meas- 
ured. Then, the plate after finishing graft polymerization reaction was dried in an oven at 105°C for at least 16 hours, 
the weight of the plate (W 2 (mg)) was measured. Using the values of W 0 and W 2 , and the surface area of the plate (S 
30 (mm 2 )), graft weight (mg/mm 2 ) per 1 mm 2 of the plate was calculated in accordance with the following equation. 

Graft weight (mg/mm 2 ) = (W 2 - W 0 ) / S 

35 (9) Contact angle 

[0079] Using goniometer (made by ERMA INC., G-1 , 2MG), contact angle (°) of the test piece (plate) was measured 
in physiological saline at 25°C in accordance with bubbling method. Through a syringe, 2 u,L of bubble adhered to the 
test piece Immersed in physiological saline. Then, the contact angle shown in TABLE 1 and TABLE 2 was obtained by 
40 averaging left contact angle and right contact angle, between the test piece and bubble. 

(10) Water retention 

[0080] The weight of the test piece (contact lens) in the equilibrium water-containing state after hydration (W 0 (g)) 
45 was measured. After the test piece was stayed as it were at 25°C under the relative humidity of 50 % for 15 minutes, 
the weight of the test piece (W 3 (g)) was measured. Using the values of W 3 and W 0 , and water content (WC (% by 
weight)) calculated in the above item (4), water retention (% by weight) of the test piece was calculated in accordance 
with the following equation. 

50 

Water retention (% by weight) 
= 100-{[(W 0 -W 3 )/W 0 X 100]/ WC x 100} 

55 (11 ) Elemental analysis (dry state) 

[0081] The test piece (plate) was dried in an oven at 105°C for at least 16 hours, and elemental analysis of the 
surface of the test piece was carried out by X-ray photoelectron spectroscopy apparatus (made by JEOL LTD., JPS- 
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9000MX). 
EXAMPLE 2 

5 [0082] Test pieces were produced In the same manner as in EXAMPLE 1 except that as the hydrophilic monomer- 
mixture solution, 0.5 mo!/L aqueous solution of SAM A, containing tetraethylene glycol diacrylate in an amount of 1 .0 
part by weight based on 100 parts by weight of SAM A, was used instead of the 3.0 mol/L aqueous solution of SAMA 
used in EXAMPLE 1 .Properties of the test pieces were examined in the same manneras in EXAMPLE 1 , and elemental 
analysis of the test piece (plate) was carried out in the same manner as in EXAMPLE 1 . The results are shown in 

io TABLE 1 and TABLE 2. 

EXAMPLE 3 

[0083] Test pieces were produced In the same manner as in EXAMPLE 1 except that condition for plasma discharge 
is treatment was changed from 10 minutes under an atmosphere of oxygen gas in EXAMPLE 1 to 2 minutes under an 
atmosphere of oxygen gas, and that as the hydrophilic monomer-mixture solution, 0.5 mol/L aqueous solution of SAMA, 
containing tetraethylene glycol dimethacryiate in an amount of 2.0 parts by weight based on 100 parts by weight of 
SAMA, was used instead of the 3.0 mol/L aqueous solution of SAMA used in EXAMPLE 1 . Properties of the test pieces 
were examined in the same manner as in EXAMPLE 1, and elemental analysis of the test piece (plate) was carried 
20 out in the same manner as in EXAMPLE 1 . The results are shown in TABLE 1 and TABLE 2. 

EXAMPLE 4 

[Graft polymerization to silicone hydrogel] 

25 

[0084] The same contact lens and the same plate as in EXAMPLE 1 were irradiated with excimer vacuum ultraviolet- 
ray (wavelength: 172 nm) by an irradiation apparatus (made by USHIO INC.) for 10 minutes. After that, the contact 
lens and the plate were stored for at least 10 minutes under an atmosphere of oxygen gas. As a result, peroxides 
(peroxide groups) generated on the surface of the contact lens and the surface of the plate. 

30 [0085] Then, as the hydrophilic monomer-mixture solution, 0.5 mol/L aqueous solution of SAMA was prepared. The 
contact lens and the plate were immersed in this aqueous solution, and were aerated with nitrogen gas. The contact 
lens and the plate in the state of immersing in the aqueous solution were irradiated with ultraviolet-ray (wavelength: 
360 nm) at an illuminance of 1 .5 mW/cm 2 at room temperature for 10 minutes, and graft polymerization was carried 
out. After graft polymerization was finished, the contact lens and the plate were picked up from the aqueous solution 

35 and washed in distilled water. Furthermore, the contact lens and the plate were extracted with distilled water by using 
Soxhlet's extractor for 16 hours. As a result, non-reacted residual components were removed from the surface of the 
contact lens and the surface of the plate. 

[0086] Then , the contact lens and the plate were hydrated with physiological saline to give hydrated silicone hydrogels 
as test pieces. Properties of the test pieces were examined in the same manner as in EXAMPLE 1 , and elemental 
40 analysis of the test piece (plate) was carried out in the same manner as in EXAMPLE 1 . The results are shown in 
TABLE 1 and TABLE 2. 

EXAMPLE 5 

45 [0087] Test pieces were produced in the same manner as in EXAMPLE 4 except that as the hydrophilic monomer- 
mixture solution, 0.5 mol/L aqueous solution of 2-(methacryioyloxyethyl) phosphorylcholine was used instead of the 
0.5 mol/L aqueous solution of SAMA used in EXAMPLE 4. Properties of the test pieces were examined in the same 
manner as in EXAMPLE 1 , and elemental analysis of the test piece (plate) was carried out in the same manner as in 
EXAMPLE 1 . The results are shown in TABLE 1 and TABLE 2. 

50 

EXAMPLE 6 

[Graft polymerization to silicone hydrogel using chain transfer agent] 

55 [0088] A contact lens (diameter: 13.0 mm, thickness: 0.08 mm (wetting state)) and a plate (diameter: 15.0 mm, 
thickness: 0.2 mm (wetting state)) were made of the same copolymer as in EXAMPLE 1 . By using a discharge apparatus 
(made by Keyence Co., Ltd., ST-7000), plasma discharge treatment was carried out to the contact lens and the plate 
for 1 minute under atmospheric pressure (work distance: 6 mm, voltage: 1 0 kV, frequency: 20 to 25 kHz, gas: air). After 
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that, the contact lens and the plate were stored for at least 1 0 minutes under an atmosphere of oxygen gas. As a result, 
peroxides (peroxide groups) generated on the surface of the contact lens and the surface of the plate. 
[0089] Then, asthehydrophilic monomer-mixture solution, 0. 5 mol/L aqueous solution of SAM A (containing methanol 
in an amount of 5 parts by weight based on 1 00 parts by weight of water), containing benzyl thiobenzoate as the chain 

s transfer agent in an amount of 0.1 part by mole based on 1 00 parts by mole of SAMA, was prepared. The contact lens 
and the plate were immersed in this aqueous solution, and were aerated with nitrogen gas. The contact lens and the 
plate in the state of immersing in the aqueous solution were irradiated with ultraviolet-ray (wavelength: 360 nm) at an 
illuminance of 1 .5 mW/cm 2 at room temperature for 1 0 minutes, and graft polymerization was carried out. After graft 
polymerization was finished, the contact lens and the plate were picked up from the aqueous solution and washed in 

10 distilled water. Furthermore, the contact lens and the plate were extracted with distilled water by using Soxhlet's ex- 
tractor for 16 hours. As a result, non-reacted residual components were removed from the surface of the contact lens 
and the surface of the plate. 

[0090] Then, the contact lens and the plate were hydrated with physiological saline to give hydrated silicone hydrogels 
as test pieces. Properties of the test pieces were examined in the same manner as in EXAMPLE 1, and elemental 
is analysis of the test piece (plate) was carried out in the same manner as in EXAMPLE 1 . The results are shown in 
TABLE 1 and TABLE 2. 

COMPARATIVE EXAMPLE 1 

20 [0091] The same contact lens and the same plate as in EXAMPLE 1 were immersed in physiological saline and 
boiled for 1 hour to give test pieces. Properties of the test pieces were examined in the same manner as in EXAMPLE 
1 , and elemental analysis of the test piece (plate) was carried out in the same manner as in EXAMPLE 1 . The results 
are shown in TABLE 1 and TABLE 2. 

25 COMPARATIVE EXAMPLE 2 

[0092] The same contact lens and the same plate as in EXAMPLE 1 were set in the same discharge apparatus as 
In EXAMPLE 1 . Plasma discharge treatment was carried out under the same condition as in EXAMPLE 1 except that 
plasma discharge time was changed from 10 minutes in EXAMPLE 1 to 3 minutes. After that, the contact lens and the 
so plate were stored for at least 1 0 minutes under an atmosphere of air. As a result, peroxides (peroxide groups) generated 
on the surface of the contact lens and the surface of the plate. 

[0093] Then, the contact lens and the plate were immersed in physiological saline and were boiled for 1 hour to give 
test pieces. Properties of the test pieces were examined in the same manner as in EXAMPLE 1 , and elemental analysis 
of the test piece (plate) was carried out in the same manner as in EXAMPLE 1 . The results are shown in TABLE 1 and 
35 TABLE 2. 

COMPARATIVE EXAMPLE 3 

[0094] The same contact lens and the same plate as in EXAMPLE 1 were set in the same discharge apparatus as 
40 in EXAMPLE 1 . Plasma discharge treatment was carried out under the same condition as in EXAMPLE 1 . After that, 
the contact lens and the plate were stored for at least 10 minutes under an atmosphere of oxygen gas. As a result, 
peroxides (peroxide groups) generated on the surface of the contact lens and the surface of the plate. 
[0095] Then, as the hydrophilic monomer-mixture solution, 3.0 moi/L aqueous solution of SAMA was prepared. The 
contact lens and the plate were immersed in this aqueous solution, and were aerated with nitrogen gas. Graft polym- 
45 erization was carried out to the contact lens and the plate in the state of immersing in the aqueous solution at 60°C 
for 6 hours. After graft polymerization was finished, the contact lens and the plate were picked up from the aqueous 
solution and washed in distilled water. Furthermore, the contact lens and the plate were extracted with distilled water 
by using Soxhlefs extractor for 1 6 hours. As a result, non-reacted residual components were removed from the surface 
of the contact lens and the surface of the plate. 
so [0096] Then , the contact lens and the plate were hydrated with physiological saline to give hydrated silicone hydrogels 
as test pieces. Properties of the test pieces were examined in the same manner as in EXAMPLE 1 . The results are 
shown in TABLE 1 and TABLE 2. 

[0097] The test pieces in COMPARATIVE EXAMPLE 3 were deformed. 

55 COMPARATIVE EXAMPLE 4 

[0098] The same contact lens and the same plate as in EXAMPLE 1 were set in the same discharge apparatus as 
in EXAMPLE 1 . Plasma discharge treatment was carried out under the same condition as in EXAMPLE 1 . After that, 



12 



EP1 136 521 A2 



the contact lens and the plate were stored for at least 10 minutes under an atmosphere of oxygen gas. As a result, 
peroxides (peroxide groups) generated on the surface of the contact lens and the surface of the plate. 
[0099] Then , 3.0 moi/L aqueous solution of 2- hydroxy ethyl methacrylate as the hydrophilic monomer was prepared. 
The contact lens and the plate were immersed in this aqueous solution, and were aerated with nitrogen gas. The 

5 contact lens and the plate in the state of immersing in the aqueous solution were irradiated with ultraviolet-ray (wave- 
length: 360 nm) at an illuminance of 1 .5 mW/cm 2 at room temperature for 10 minutes, and graft polymerization was 
carried out. After graft polymerization was finished, the contact lens and the plate were picked up from the aqueous 
solution and washed in distilled water. Furthermore, the contact lens and the plate were extracted with distilled water 
by using Soxhlefs extractor for 1 6 hours. As a result, non-reacted residual components were removed from the surface 

io of the contact lens and the surface of the plate. 

[01 00] Then , the contact lens and the plate were hydrated with physiological saline to give hydrated silicone hydrogels 
as test pieces. Properties of the test pieces were examined in the same manner as in EXAMPLE 1 . The results are 
shown in TABLE 1 and TABLE 2. 
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55 [0101] From the results shown in TABLE 1 and TABLE 2, it can be understood that all test pieces prepared in ac- 
cordance with the process of the present invention in EXAMPLES 1 to 6, are excellent in transparency, surface wet- 
tability to water, surface lubricity and oxygen permeability, and have high water retention, suitable water content and 
high refractive index, and are excellent in hydrophilic property because of small contact angle. In addition, it can be 
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understood that all test pieces in EXAMPLES 1 to 6 are excellent in adhesion resistance of lipid and protein because 
of small adhering lipid amount and small adhering protein amount. 

[0102] To the contrary, it can be understood that the test pieces in COMPARATIVE EXAMPLES 1 to 4, prepared in 
accordance with the process lacking even only one step of Step (1), Step (2) and Step (3) defined in the process of 
5 the present invention, can not be satisfied with the above excellent properties exhibited by the test pieces in EXAMPLES 
1 to 6, at the same time. 

EXAMPLE 7 

10 [Graft polymerization to hydrophobic silicone] 

[0103] As a monomer mixture, 46 parts by weight of tris(trimethylsiloxy)silylstyrene, 54 parts by weight of 2,2,2,2', 
2\2*-hexafluoroisopropyl methacrylate, 6 parts by weight of N-vinyl-2-pyrrolidone, 4 parts by weight of methacrylic acid, 
6 parts by weight of vinylbenzyl methacrylate and 1 part by weight of EDMA were used. The monomer mixture was 

is polymerized in accordance with a usual polymerization method to give a copolymer. Then, a contact lens (diameter: 
8.8 mm, thickness: 0.15 mm) and a plate (diameter 10.0 mm, thickness: 0.2 mm) were made of the copolymer. The 
contact lens and the plate were set in the same discharge apparatus as in EXAMPLE 1 . After the pressure in a chamber 
of the discharge apparatus was reduced to about 2.66 Pa, plasma discharge treatment was carried out for 1 0 minutes 
under an atmosphere of oxygen gas of about 13.3 Pa (frequency: 13.56 MHz, high frequency power: 50 W). After that, 

20 the contact lens and the plate were stored for at least 10 minutes under an atmosphere of oxygen gas. As a result, 
peroxides (peroxide groups) generated on the surface of the contact lens and the surface of the plate. 
[0104] Then, as the hydrophilic monomer-mixture solution, 3.0 mol/L aqueous solution of SAM A was prepared. The 
contact lens and the plate were immersed in this aqueous solution, and were aerated with nitrogen gas. The contact 
lens and the plate in the state of immersing in the aqueous solution were irradiated with ultraviolet-ray (wavelength: 

25 360 nm) at an illuminance of 1 .5 mW/cm 2 at room temperature for 10 minutes, and graft polymerization was carried 
out. After graft polymerization was finished, the contact lens and the plate were picked up from the aqueous solution 
and washed in distilled water. Furthermore, the contact lens and the plate were washed with washing solution containing 
a surfactant (trade name: Menicon 0 2 care, made by Men icon Co., Ltd.) to give test pieces. 

[0105] Transparency, surface wettability to water, oxygen permeability, adhesion resistance of lipid and contact angle 
30 of the test pieces were examined in the same manner as in EXAMPLE 1 , and elemental analysis of the test piece 
(plate) was carried out in the same manner as in EXAMPLE 1 . The results are shown in TABLE 3. 

COMPARATIVE EXAMPLE 5 

35 [0106] The same contact lens and the same plate as in EXAMPLE 7 were immersed in physiological saline to give 
test pieces. Properties of the test pieces were examined in the same manner as in EXAMPLE 7, and elemental analysis 
of the test piece (plate) was carried out in the same manner as in EXAMPLE 7. The results are shown in TABLE 3. 

COMPARATIVE EXAMPLE 6 

40 

[0107] The same contact lens and the same plate as in EXAMPLE 7 were set in the same discharge apparatus as 
in EXAMPLE 1 . Plasma discharge treatment was carried out under the same condition as in EXAMPLE 7 except that 
plasma discharge time was changed from 10 minutes in EXAMPLE 7 to 2 minutes and that high frequency power was 
changed from 50 W in EXAMPLE 7 to 40 W. After that, the contact lens and the plate were stored for at least 1 0 minutes 
<5 under an atmosphere of air. As a result, peroxides (peroxide groups) generated on the surface of the contact lens and 
the surface of the plate. 

[0108] Then, the contact lens and the plate were immersed in physiological saline to give test pieces. Properties of 
the test pieces were examined in the same manner as in EXAMPLE 7. The results are shown in TABLE 3. 

50 
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[0109] From the results shown in TABLE 3, it can be understood that all test pieces prepared In accordance with the 
process of the present Invention in EXAMPLE 7, are excellent in transparency, surface wettability to water, oxygen 
permeability and hydrophilic property because of small contact angle. In addition, it can be understood that all test 
pieces In EXAMPLE 7 are excellent in adhesion resistance of lipid because of small adhering lipid amount in spite of 
5 hydrophobic material. 

[0110] To the contrary, it can be understood that the test pieces in COMPARATIVE EXAMPLES 5 to 6, prepared in 
accordance with the process not comprising Step (1), Step (2) and Step (3) defined in the process of the present 
invention, cannot be satisfied with the above excellent properties exhibited by the test pieces in EXAMPLE 7, at the 
same time. 

10 [0111] In addition to the ingredients used in the Examples, other ingredients can be used in the Examples as set 
forth in the specification to obtain substantially the same results. 

[0112] A process for preparing an ocular lens material having hydrophilic surface, characterized by comprising the 
steps of (1 ) irradiating the surface of an ocular lens material with high-frequency plasma or excimer ultarviolet-ray; (2) 
contacting the surface of the ocular lens material, which is treated in accordance with the step (1), with a hydrophilic 
is monomer-mixture solution contai ning at least one zwitterionic group-contain ingcompoud; and (3) irradiating the surface 
of the ocular lens material, which is in the state of contacting with the hydrophilic monomer-mixture solution in the step 
(2), with ultraviolet-ray having a wavelength of 250 to 500 nm and then, graft polymerizing the zwitterionic group- 
containing compound to the surface of the ocular lens material and then, forming a surface layer; and an ocular lens 
material having hydrophilic surface prepared by the process. 
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Claims 

1 . A process for preparing an ocular lens material having hydrophilic surface, characterized by comprising the steps 
25 of 

(1) irradiating the surface of an ocular lens material with high-frequency plasma or excimer ultraviolet-ray; 

(2) contacting the surface of the ocular lens material, which is treated in accordance with said step (1 ), with a 
hydrophilic monomer-mixture solution containing at least one zwitterionic group-containing compoud; and 

30 (3) irradiating the surface of the ocular lens material, which is in the state of contacting with the hydrophilic 

monomer-mixture solution in said step (2), with ultraviolet-ray having a wavelength of 250 to 500 nm and then, 
graft polymerizing said zwitterionic group-containing compound to the surface of the ocular lens material and 
then, forming a surface layer. 

35 2. The process of Claim 1 , wherein the surface of the ocular lens material, which is treated in accordance with the 
step (1), is contacted with the hydrophilic monomer-mixture solution by immersing the ocular lens material in the 
hydrophilic monomer-mixture solution in the step (2). 

3. The process of Claim 1, wherein the amount of the zwitterionic group-containing compound in the hydrophilic 
40 monomer-mixture solution is 0.01 to 40 mol/L. 

4. The process of Claim 1 , wherein the hydrophilic monomer-mixture solution essentially contains water and an or- 
ganic solvent, and further contains at least one selected from a hydrophilic monomer other than the zwitterionic 
group-containing compound and a crosslinkable monomer. 

45 

5. The process of Claim 4, wherein the amount of the hydrophilic monomer other than the zwitterionic group-con- 
taining compound in the hydrophilic monomer-mixture solution is 0.01 to 40 mol/L. 

6. The process of Claim 4, wherein the amount of the crosslinkable monomer in the hydrophilic monomer-mixture 
so solution is 0.01 to 20 parts by weight based on 1 00 parts by weight of the total amount of the zwitterionic group- 
containing compound and the hydrophilic monomer other than the zwitterionic group-containing compound, or 1 00 
parts by weight of the zwitterionic group-containing compound. 

7. The process of Claim 4, wherein the hydrophilic monomer-mixture solution further contains a chain transfer agent 
55 represented by the formula (V): 



18 



EP 1 136 521 A2 



Ri-C- S-4R 2 - Z^R 3 (V) 
II 
S 



10 in which R 1 is hydrogen atom, a linear, branched or cyclic aliphatic hydrocarbon group having 1 to 12 carbon 

atoms, or a linear or branched aliphatic hydrocarbon group having 6 to 24 carbon atoms and containing aromatic 
hydrocarbon group having 6 to 12 carbon atoms; R 2 is a linear, branched or cyclic aliphatic hydrocarbon group 
having 1 to 12 carbon atoms; R3 is hydrogen atom, a linear, branched or cyclic aliphatic hydrocarbon group having 
1 to 12 carbon atoms, a linear or branched aliphatic hydrocarbon group having 6 to 24 carbon atoms and containing 

is aromatic hydrocarbon group having 6 to 12 carbon atoms, or cyano group; 2 is oxygen atom, -COO- group, -OOC- 

group, -(CH 2 CH 2 0) 1 -group (in which 1 is an integer of 1 to 12), or direct bond; and m is 0 or an integer of 1 to 10. 

8. The process of Claim 7, wherein the chain transfer agent is at least one selected from benzyl thiobenzoate, 1 -phe- 
nylethyl dithiobenzoate, 2-phenyl-2-propinyl dithiobenzoate, 1 -acetoxyethyl dithiobenzoate, benzyl dithioacetate, 

20 t-butyl dithiobenzoate and 2-cyano-2-propinyl dithiobenzoate. 

9. The process of Claim 7, wherein a residual group on a polymer chain terminal derived from the chain transfer 
agent, which generates after graft polymerization in the step (3), is removed or converted. 

25 10. The process of Claim 1 , wherein the surface of the ocular lens material Is Irradiated with high-frequency plasma 
under an atmosphere of oxygen gas. 
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11. The process of Claim 1 , wherein the surface of the ocular lens material is irradiated with high-frequency plasma 
under atmospheric pressure. 

12. The process of Claim 1 , wherein a step of (4) removing a non-reacted residual component with at least one selected 
from water and an organic solvent from the surface layer of the ocular lens material, which is formed in the step 
(3) is further contained. 

35 13. The process of Claim 1 , wherein the zwitterionic group-containing compound is at least one compound selected 
from a compound (I) represented by the formula (I): 

CH 3 
I 

H 2 C = CR 1 -C-0-4CH 2 ^N^CH2hrSO^ (I) 
li ! 

45 O C H 3 

in which R 1 is hydrogen atom or methyl group, and n is an integer of 1 to 1 0; 
a compound (II) represented by the formula (II): 

50 
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CH 3 




(n) 



In which R 1 is hydrogen atom or methyl group, and n is an integer of 1 to 10; 
a compound (III) represented by the formula (III): 



CH 



3 




(in) 



in which R 1 is hydrogen atom or methyl group, R 2 is a hydrocarbon group having 1 to 6 carbon atoms, and n is an 
integer of 1 to 10; and 

a compound (IV) represented by the formula (IV): 



in which R 1 is hydrogen atom or methyl group, each of R 3 , R 4 and R 5 is independently a hydrocarbon group having 
1 or 2 carbon atoms, and n is an integer of 1 to 1 0. 

14. The process of Claim 1, wherein the zwitterionic group-containing compound is dimethyl(3-sulfopropyl)(2-meth- 
acryloyloxyethyl) ammonium betaine. 

15. The process of Claim 1 , wherein the zwitterionic group-containing compound is 2-methacryloyloxyethyl phospho- 
ry (choline. 

16. The process of Claim 1, wherein the ocular lens material comprises a copolymer prepared by polymerizing a 
monomer mixture containing at least one selected from a silicon-containing monomer and a fluorine-containing 




R 3 




(IV) 



monomer. 



17. An ocular lens material having hydrophilic surface, prepared by the process of Claim 1 . 
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